FPD ENCAPSULATION APPARATUS AND METHOD FOR 
ENCAPSULATING THE SAME 

BACKGROUND OF THE INVENTION 

Field of Invention 

[0001] The invention relates to a display encapsulation apparatus and method for 
encapsulating a display and, in particular, to a flat-panel display (FPD) encapsulation 
apparatus and method for encapsulating an FPD. 

Related Art 

[0002] Accompanying the development of electronic technology, displays have 
become lightweight and high efficiency, and are wildly spread. The dimensions of 
displays have decreased, especially flat-panel displays (FPDs) such as liquid crystal 
displays (LCDs) and organic light-emitting displays (OLEDs). OLEDs possess the 
advantages of self-emissive, full viewing angle, high power efficiency, easily 
manufactured, low cost, rapid response, and full color. Hence, OLEDs are rapidly 
becoming a major choice for flat panel display technology in the future. Those 
skilled in the art should know that OLEDs utilize the self-emissive properties of 
certain organic functional materials to achieve the object of display. 

[0003] In general, an FPD is consisting of an electroluminescent substrate and a 
glass substrate. With reference to FIG. 1, an encapsulation process for binding the 
electroluminescent substrate and glass substrate includes the following steps of: 
providing a glass substrate (step 101), applying a adhesive on the glass substrate (step 
102), providing an electroluminescent substrate (step 103), and pressing the glass 
substrate and electroluminescent substrate to bind the glass substrate and 
electroluminescent substrate (step 104). 
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[0004] The above mentioned encapsulation process is performed in an FPD 
encapsulation apparatus. Referring to FIG. 2A, a conventional FPD encapsulation 
apparatus 2 includes a chamber 21, a curing device 22, and a pressing mechanism 23. 
The chamber 21 has an airtight space, which is filled with inert gas to decrease 
moisture and oxygen. Thus, the electroluminescent substrate could be prevented 
from the moisture and oxygen, and have improved durability. The curing device 22 
includes a supporting portion 221 and an UV light source 223. The supporting 
portion 221 is a quartz plate and is used to support the glass substrate. The UV light 
source 223 is located under the supporting portion. The pressing mechanism 23 is 
provided opposite to the curing device 22. One end of the pressing mechanism 23 is 
located in the chamber 21 and is movable. The electroluminescent substrate is 
attached to this end of the pressing mechanism 23, and is also movable in the chamber 
21. 

[0005] Referring to FIG. 2B, in step 101, a glass substrate 31 is placed on the 
supporting portion 221. In this case, a robot arm (not shown) is usually used to 
transfer the glass substrate 31 into the chamber 21, and the glass substrate 31 is 
positioned on the supporting portion 221. 

[0006] With reference to FIG. 2C, in step 102, a dispensing mechanism (not shown) 
is employed to apply an adhesive 32 on the glass substrate 31. The adhesive 32, 
which is usually made of epoxy, is formed as a closed loop or frame or has a gap for 
air venting. As shown in FIG. 3A, the adhesive 32 is formed as a closed loop or 
frame on the glass substrate 3 1 to surround a portion of the FPD to be protected. As 
shown in FIG. 3B, the adhesive 32 is formed on the glass substrate 31 with one gap 
321 or more. Thus, when pressing the glass substrate and/or electroluminescent 
substrate to bind the substrates, gas positioned between the substrates can be vented 
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out through the gap 321. The gap 321 may then be closed during pressing the 
substrates. 

[0007] Alternatively, the adhesive 32 can be dispensed on the glass substrate 31 
with an additional dispensing apparatus. The glass substrate 31 with the adhesive 32 
is then moved into the chamber 21 and positioned on the supporting portion 221. 
After the glass substrate 31 with the adhesive 32 is positioned on the supporting 
portion 221, the UV light source 223 emits an UV light beam. The UV light beam 
passes through the supporting portion 221 and the glass substrate 31, and then 
pre-cures the adhesive 32. 

[0008] As shown in FIG. 2D, in step 103, the electroluminescent substrate 33 is 
attached to one end of the pressing mechanism 23. In this case, an additional robot 
arm is employed to move the electroluminescent substrate 33 into the chamber 21 and 
position the electroluminescent substrate 33 at one end of the pressing mechanism 23. 
This end of the pressing mechanism 23 is a suction plate for holding the 
electroluminescent substrate 33. In addition, this end of the pressing mechanism 23 
can be a chuck for chucking the electroluminescent substrate 33. 

[0009] Referring to FIG. 2E, in step 104, the pressing mechanism 23 moves down 
to press the glass substrate 31 and/or the electroluminescent substrate 33, and the 
glass substrate 31 and electroluminescent substrate 33 are then bound to each other 
via the adhesive 32. In this case, the electroluminescent substrate 33 aligns with the 
glass substrate 3 1 in advance, and the pressing mechanism 23 then moves by a screw 
or a pneumatic system. Before the glass substrate 31 and the electroluminescent 
substrate 33 are bound, the chamber 21 may be filled with inert gas so as to prevent 
moisture and oxygen from being encapsulated between the glass substrate 31, 
adhesive 32, and electroluminescent substrate 33. 
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[0010] After the glass substrate 31 and electroluminescent substrate 33 are bound, 
an UV light source 223 emits an UV light beam passing through the supporting 
portion 221 and glass substrate 31 to cure the adhesive 32. 

[0011] During the encapsulating process of the glass substrate 31 and the 
electroluminescent substrate 33, the adhesive 32 is pressed, resulting in that the space 
between the glass substrate 31, adhesive 32, and electroluminescent substrate 33 
decreases. Thus, the pressure of the space increases accordingly. In particular, 
when performing high temperature test, the residual gas in the space will be heated 
and expand. As a result, the pressure of the space becomes larger, which destroys 
the encapsulated structure of the glass substrate 31, adhesive 32, and 
electroluminescent substrate 33. Therefore, the durability of the FPD decreases. 

[0012] In addition, during the process of pressing the glass substrate 31 and 
electroluminescent substrate 33, the space between the glass substrate 31, adhesive 32, 
and electroluminescent substrate 33 becomes smaller and smaller. Thus, the gas in 
the space may be vented out through the adhesive 32, resulting in bubbles or worm 
holes in the adhesive 32. The worm holes are the moving traces of the bubbles. 
Accordingly, the adhesive 32 may not stop the external moisture and oxygen properly. 
In other words, the external moisture and oxygen may facilely pass through the 
adhesive 32 having worm holes or bubbles, and the manufactured FPD will be 
damaged. 

[0013] Since the adhesive 32 usually contains volatile materials, such as organic 
solvents, the volatile materials may be released from the adhesive 32. The FPD may 
suffer from the volatile materials. For example, the volatile materials may destroy 
the organic functional materials of the electroluminescent substrate 33. Thus, the 
dark spots of the FPD occur, and the durability of the FPD decreases. 
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[0014] Therefore, it is an important subjective of the invention to provide an FPD 
encapsulation apparatus and encapsulating method to control the pressure of the space 
between the glass substrate 31, adhesive 32, and electroluminescent substrate 33, and 
to avoid the bubbles or worm holes in the adhesive 32. Furthermore, the residual 
volatile materials, which include harmful gas, can be removed. 

SUMMARY OF THE INVENTION 

[0015] In view of the above-mentioned problems, an objective of the invention is to 
provide an FPD encapsulation apparatus and method for encapsulating the FPD, 
which can control the pressure of the space between the glass substrate, adhesive, and 
electroluminescent substrate. 

[0016] It is another objective of the invention to provide an FPD encapsulation 
apparatus and method for encapsulating the FPD, which can avoid the formations of 
bubbles or worm holes within the adhesive. 

[0017] It is an additional objective of the invention to provide an FPD 
encapsulation apparatus and method for encapsulating the FPD, which can remove the 
residual volatile materials or harmful gas. 

[0018] To achieve the above-mentioned objective, an FPD encapsulation apparatus 
of the invention at least comprises a chamber and a pressing mechanism. In the 
invention, the chamber has an airtight space to provide a low-pressure environment, 
and the low-pressure environment is located inside the airtight space. The pressing 
mechanism is disposed within the chamber, and the pressing mechanism is operated in 
the low-pressure environment. The chamber comprises a housing, a curing device, 
and a vacuum device. The housing and curing device form an operating space, in 
which a first substrate and a second substrate are provided. The second substrate 
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connects to one end of the pressing mechanism, which connects to the housing. 
Thus, the second substrate can move up and down according to the movement of the 
pressing mechanism. The curing device has a supporting portion for supporting the 
first substrate. The vacuum device is used to decrease the pressure of the operating 
space to form the low-pressure environment for binding the first and second 
substrates. 

[0019] Furthermore, a method for encapsulating an FPD of the invention comprises 
providing a first substrate, forming an adhesive on the first substrate, providing a 
second substrate, providing a low-pressure environment for the first and second 
substrates, and binding the first and second substrates to form the FPD under a 
low-pressure environment. In this invention, the second substrate is aligned with the 
first substrate in advance, wherein the second substrate faces one surface of the first 
substrate formed with the adhesive. The second substrate is then pressed to bind the 
first and second substrates. In addition, the method for encapsulating an FPD further 
comprises pre-curing the adhesive after the adhesive is formed, and curing the 
adhesive after the first and second substrates are bound. 

[0020] As mentioned above, since the invention previously provides a low-pressure 
environment and then binds the first and second substrates, the pressure between the 
first substrate, adhesive and second substrate can be controlled efficiently. Thus, the 
high pressure caused by air expansion can be prevented, so that the encapsulated 
structure of the glass substrate, adhesive, and electroluminescent substrate would not 
be destroyed. Furthermore, the bubbles or worm holes would not be obtained, so 
that the external moisture and oxygen would not pass through the adhesive easily. 
As a result, the manufactured FPD would not be damaged by the external moisture or 
oxygen. Moreover, the invention can vent residual harmful materials to prevent the 
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manufactured FPD from damaged by the harmful volatile materials. Thus, the dark 
spots can be prevented. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] The invention will become more fully understood from the detailed 
description given herein below illustrations only, and thus is not limitative of the 
present invention, and wherein: 

[0022] FIG 1 is a flow chart showing a conventional method for encapsulating an 
FPD; 

[0023] FIG. 2A is a schematic illustration showing a conventional FPD 
encapsulation apparatus; 

[0024] FIGs. 2B to 2E are schematic illustrations showing the conventional FPD 
encapsulation apparatus of FIG. 2 A performing the method of FIG 1; 

[0025] FIG 3 A is a schematic illustration showing a glass substrate and an adhesive, 
wherein the adhesive is a closed loop or frame; 

[0026] FIG 3B is a schematic illustration showing a glass substrate and an adhesive, 
wherein the adhesive has a gap for air venting; 

[0027] FIG 4 is a schematic illustration showing an FPD encapsulation apparatus 
according to a preferred embodiment of the invention; 

[0028] FIG 5 is a flow chart showing a method for encapsulating an FPD 
according to a preferred embodiment of the invention; and 

[0029] FIGs. 6A to 6E are schematic illustrations showing the FPD encapsulation 
apparatus of FIG 4 performing the method of FIG 5. 

DETAILED DESCRIPTION OF THE INVENTION 
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[0030] The FPD encapsulation apparatus and method for encapsulating the FPD 
according to preferred embodiments of the invention will be described herein below 
with reference to the accompanying drawings, wherein the same reference numbers 
refer to the same elements. 

[0031] With reference to FIG. 4, an FPD encapsulation apparatus 4 according to a 
preferred embodiment of the invention comprises a chamber 41 and a pressing 
mechanism 43. The chamber 41 has an airtight space to provide a low-pressure 
environment 42, 

[0032] The chamber 41 comprises a basement 411, a shielding 412 and an 
atmosphere controlling mechanism 413. In the embodiment, the basement 411 and 
the shielding 412 form an airtight space, and the materials thereof can stop UV light. 
Thus, UV light would not pass through the basement 411 and the shielding 412. The 
atmosphere controlling mechanism 413 controls and inputs an inert gas into the 
airtight space, so that the moisture and oxygen of the airtight space are decreased 
according to the inert gas. Thus, the manufactured FPD would not be damaged by 
the moisture and oxygen during the encapsulation process. The mentioned inert gas 
is, for example, nitrogen. 

[0033] The low-pressure environment 42 is located in the airtight space for the 
subsequent pressing process. In the present embodiment, the chamber 41 comprises 
a housing 421, a curing device 422, a vacuum device 423, and a controlling device 
424. The housing 421 and the curing device 422 form an operating space. The 
curing device 422 comprises a supporting portion 425 and an UV light source 426. 
The supporting portion 425 is usually made of quartz for supporting a flat substrate. 
The UV light source 426 emits an UV light beam, which can pre-cure or cure an 
adhesive. The vacuum device 423 can vent air from the operating space consisting 
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of the housing 421 and curing device 422, resulting in a low-pressure environment. 
The low-pressure environment is, for example, less than 1 atmosphere. The vacuum 
device 423 may include a conventional vacuum pump and an extensible vacuum pipe. 
The controlling device 424 is electrically connected to the vacuum device 423 for 
controlling the vacuum device 423 to adjust the pressure of the operating space. In 
details, the controlling device 424 receives a predetermined pressure value provided 
form a user, and enables the vacuum pump of the vacuum device 423. When the 
actual pressure of the operating space reaches the predetermined pressure value, the 
vacuum pump stops. Those who skilled in the art should know that by using the 
vacuum device 423 to vent air out of the operating space, the low-pressure 
environment could be obtained and the harmful volatile materials of the adhesive 
could be exhausted. 

[0034] The pressing mechanism 43 is disposed within the chamber 41, and the 
pressing mechanism 43 is operated in the low-pressure environment 42. In the 
current embodiment, the pressing mechanism 43 comprises an up/down device 431, 
and an attaching portion 432. The attaching portion 432 is positioned in the 
low-pressure environment 42 and is set on one end of the up/down device 431. 
When the up/down device 431 moves up and down, the attaching portion 432 is 
moved up and down correspondingly. The up/down device 43 1 can be a ball bearing 
screw or a pneumatic shaft. The attaching portion 432 can be a mechanical chuck 
for chucking the flat substrate. Alternatively, the attaching portion 432 can be a 
vacuum suction plate for holding a flat substrate. In this embodiment, the supporting 
portion 425 supports a glass substrate and the attaching portion 432 holds an 
electroluminescent substrate. In addition, the supporting portion 425 may support an 
electroluminescent substrate and the attaching portion 432 may hold a glass substrate. 
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[0035] The FPD encapsulation apparatus 4 may further comprise a dispensing 
mechanism (not shown), which is used for dispensing the adhesive on the flat 
substrate placed on the supporting portion 425. In the present embodiment, the 
adhesive can be a closed loop or frame or have a gap for air venting (as shown in FIG 
3 A and FIG 3B). 

[0036] To make the invention more understandable, the method for encapsulating 
an FPD 5 of the invention is described in greater detail herein below. 

[0037] With reference to FIG 5, a step 501 provides a first substrate, and a step 502 
then forms an adhesive on the first substrate. A step 503 provides a second substrate, 
and a step 504 provides a low-pressure environment for the second substrate and the 
first substrate formed with the adhesive. Finally, a step 505 presses the first 
substrate and/or the second substrate to bind the first and second substrates. 

[0038] The method 5 can be performed in the previous-mentioned FPD 
encapsulation apparatus 4. 

[0039] Referring to FIG 6 A, the first substrate 61 is placed on the supporting 
portion 425 in step 501. In the embodiment, this step may cooperate with a robot 
arm (not shown) to move the first substrate 61 into the chamber 41 and position the 
first substrate 61 on the supporting portion 425. 

[0040] Referring to FIG. 6B, a dispensing mechanism (not shown) is used to form 
an adhesive 62 on the first substrate 61 (step 502). In the embodiment, the adhesive 
62 can be made of epoxy, and it can be a closed loop or frame or have a gap for air 
venting (as shown in FIG 3 A and FIG 3B). 

[0041] As mentioned above, the adhesive 62 can be dispensed on the first substrate 
61 with an additional dispensing apparatus. The first substrate 61 with the adhesive 
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62 is then moved into the chamber 41 and positioned on the supporting portion 425. 
After the first substrate 61 with adhesive 62 is positioned on the supporting portion 
425, an UV light source 426 emits an UV light beam. The UV light beam passes 
through the supporting portion 425 and the first substrate 61 to pre-cure the adhesive 
62. 

[0042] With reference to FIG. 6C, a second substrate 63 is set and held at one end 
of the pressing mechanism 43 (step 503). In this embodiment, a robot arm (not 
shown) is used to move the second substrate 63 into the chamber 41 and to position 
the second substrate 63 on one end of the pressing mechanism 43, which is the 
attaching portion 432. As mentioned above, the attaching portion 432 can be a 
mechanical chuck for chucking the second substrate 63 or a vacuum suction plate for 
holding the second substrate 63. 

[0043] Referring to FIG 6D, the housing 421 is moved down and contacts the 
curing device 422. Thus, the housing 421 and the curing device 422 can form an 
operating space, in which the first substrate 61, adhesive 62 and second substrate 63 
are positioned. It should be noted that before the housing 421 is moved down, an 
atmosphere controlling mechanism 413 may control and input inert gas into the 
airtight space formed by the basement 411 and shielding 412. Thus, the moisture 
and oxygen of the airtight space can be decreased. 

[0044] The controlling device 424 controls the vacuum pump of the vacuum device 
423 according to an input predetermined pressure value, such as 100 to 600 torr. The 
vacuum pump can then vent the air out of the operating space constructed by the 
housing 421 and the curing device 422 to obtain a low-pressure environment. The 
exhausted air includes the inert gas input into the airtight space in advance and 
harmful volatile materials released from the adhesive 62. 
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[0045] As shown in FIG. 6E, the pressing mechanism 43 moves down to press the 
second substrate 63 for binding the first substrate 61 and second substrate 63. 
Wherein, the first substrate 61 and the second substrate 63 are bound via the adhesive 
62. In the current embodiment, the second substrate 63 is aligned with the first 
substrate 61 in advance. The pressing mechanism 43 can be screwed down or 
pneumatically moved down. After binding the first substrate 61 and second 
substrate 63, the UV light source 426 of the curing device 422 then emits an UV light 
beam to cure the adhesive 62. 

[0046] In the method 5, the pressure of the space consisting of the first substrate 61, 
second substrate 63 and adhesive 62 can be controlled with the controlling device 424. 
Therefore, after the pressing process, the pressure of this space will be smaller than 
prior, and is usually slightly larger than 760 torr (1 atmosphere). As a result, when 
the manufactured device is tested with high temperature, the pressure of the residual 
air in this space would not increase too much. Thus, the structure of the first 
substrate 61, second substrate 63 and adhesive 62 would not be damaged according to 
the expanded air. 

[0047] In this embodiment, the first substrate 61 can be a cover substrate, and the 
second substrate 63 can be an electroluminescent substrate. In addition, the first 
substrate 61 can be an electroluminescent substrate, and the second substrate 63 can 
be a cover substrate. For example, the cover substrate is a glass substrate, and the 
electroluminescent substrate is an organic electroluminescent substrate. 

[0048] In summary, since the FPD encapsulation apparatus and method for 
encapsulating the FPD provide a low-pressure environment in advance, and then bind 
the first and second substrates, the pressure between the first substrate, adhesive and 
second substrate can be controlled efficiently. Thus, the high pressure caused by air 
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expansion can be prevented, so that the encapsulated structure of the first substrate, 
adhesive, and second substrate would not be destroyed. Accordingly, the durability 
of the manufactured FPD is improved. Furthermore, the bubbles or worm holes 
would not be obtained, so that the external moisture and oxygen would not pass 
through the adhesive easily. Therefore, the manufactured FPD would not be 
damaged by the external moisture or oxygen. Moreover, the invention can vent 
residual harmful volatile materials to prevent the manufactured FPD from damaged by 
the harmful volatile materials. Thus, the dark spot is prevented, and the durability of 
the manufactured FPD is enhanced. 

[0049] Although the invention has been described with reference to specific 
embodiments, this description is not meant to be construed in a limiting sense. 
Various modifications of the disclosed embodiments, as well as alternative 
embodiments, will be apparent to persons skilled in the art. It is, therefore, 
contemplated that the appended claims will cover all modifications that fall within the 
true scope of the invention. 
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